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MALARIA VACCINE TRIAL'SITE

MATERIALS AND METHODS
Strudy site

The study was performed in the village of
Arso PIR 1, Irian Jaya, Indonesia. Arso PIR I is
one of 22 government-constructed villages mak-
ing up a community of approximately 25,000
persons covering approximately 600 km®. This
village (140°47°E, 2°56'S, elevation < 55 meters)
is located 60 km south of Jayapura, the provin-
cial capital, and has a population of approxi-
mately 1.000 persons composed of approximate-
ly equal numbers of 1) persons native to lrian
Jaya who have been exposed to significant levels
of malaria transmission all their lives and 2) per-
sons_native to Java who transmigrated to Arso
PIR 1 2.5 years prior to the beginning of the
study and who experienced very little or no ex-
posure to malaria transmission prior to their ar-
rival in Irian Jaya.'' Maluria transmission in
Arso PIR | has previously been characterized as
holoendemic or hyperendemic depending on the
categorizing standard used.' Point prevalence
surveys for parasitemias in adults were per-
formed at the start of each of these studies. At
the beginning of the low trunsmission season,
the prevalence of all malaria in 2-9-year-old
children (n = 16) was 63% (P. falciparum 50%.
P. vivax 13%). while at the start of the high
transmission season, the prevalence of all ma-
laria among 2-9-year-old children (n = 116)
was 45% (P. fulciparum 27%, P. vivax 189).
The prevalence values for adults were low trans-
mission season: all malaria 32% (P. falciparion
23%., P. vivax 9%); high transmission season: all
malaria 33% (P. falcipurum 20%, P. vivax
13%). '

Study population

The study protocol was approved by officials
of the National Institutes of Health Research and
Development of the Republic of Indonesia and
the Protection of Human Subjects Committee at
the U.S. Naval Medical Research Unit No. 2 De-
tachment in Jakarta. Inclusion factors for vol-
untary admission into the study were 1) males
# 15 years of age (doxycycline should not be
given to pregnant women due to the effects of
the drug on developing teeth and bone), 2) full-
time residency in Arso PIR I, and 3) a normal
glucose-6-phosphate dehydrogenase (G-6-PD)
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level normal as determined by G-6-PD deficien-
cy screen (Sigma, St. Louis, MO) to prevent the
administration of primaquinc to G-G-PD—defi-
cient volunteers. The study was described at a
village meeting to Arso PIR I residents who
were then invited to volunteer. Participation in
the study was strictly voluntary, informed con-
sent was obtained after each volunteer was ad-
vised of possible adverse affects and the right to
leave the study at any time.

Study design

Since the incidence rate of malaria transmis-
sion was not characterized in Arso PIR I prior
to these studies, there were no figures upon
which to base rationally sample size calcula-
tions. We therefore recruited into the study as
many volunteers as logistics permitted. The two
populations were evaluated and followed pro-
spectively  as fixed cohorts, one during May
through October (low transmission season) and
the other during January through April (high
transmission season). The number of subjects
completing different phases of the study is
shown in Table 1. The studies were terminated
during each.of the two seasons when both pop-
ulations reached approximately 50% positive.
This required 20 wecks during the low trans-
mission season study and 12 weeks during the
high transmission season study. The subjects
were tested weekly for parasites by blood film
examination.

Treatment and surveillance

Once enrolled. the subjects were radically
cured of malaria with quinine sulfate (600 mg
three times a day for three days), doxycycline
(100 mg twice a day for seven days), and pri-
maquine (15 mg once a day for 14 days). Con-
sumption of medication was observed by a re-
search ‘team, member. After the drug regimen
was completed, blood films were taken weekly
from each subject until the subject had a blood
film positive for P. falciparum or until study
completion. Blood films were stained with
Giemsa and 200 high-magnification fields
(1,000X%) were viewed. Subjects positive for ma-
laria parasites were referred to the local health
facility for reatment. Subjects who became pos-
itive for blood-stage parasites during the first
two we;cks after the completion of the drug reg-

:
§



o o}

MALARIA VACCINE TRIAL SITE 213

TABLE }

Anack rates for Plasmodium falciparum during both
transmission scusons presented as anuual rates for
cuse of comparison (number of cases per person per
rear} )

Low tramminslon High ranumission
W Inn w5 IM0N
Transmigrants 1.89 3.0
Irianese 1.14 2713
All 1.56 291

ative risk) were calculated according to Roth-
man®. Estimation of power (I — B) and sample
sizes were determined as described by Browner
and others.’

RESULTS
Study population

The mean ages of the subjects completing the
study are show in Table 2.

Antack rates

The attack rates for P. fulciparum during both
transmission scasons are presented in Table 3 ax
annual rates for case of compurison (number of
Cases per person per year).

Analysis of the attack rates (Tubie 4) revealed
a statistical difference between transmigrants
and Iriancse during the low transmission season
but not during the period of high transmission.
During the low transmission season, the trans-
migrants were at approximatz2ly 1.65 times the
risk of becoming P. falciparum blood-stage pos-
itive; the 95% confidence interval indicates that
the true relative risk was between 1.17 and 2.34.
Both cthnic groups had higher attack rates after
12 weeks in the high transmission season than
during the low transmission season (Table 5).

TasLe &4

The Irianese had significantly different atack
rates during the two seasons in contrast to those
scen in'the transmigrants (Table 5). During the
low transmission season, 50% of the transmi-
grants wire parasite positive by week 10, 43%
of the Irianese were positive by week 17. During
the high transmission season, SO% of the trans-
migrants were positive by week 6 and 50% of
the [rianese were positive by week 9 (Figure 1).

Incidence densiry

Incidence density data are shown in Table 6.
During: the low transmission season, an inci-
dence density of 4.81 P. falciparum cases per
100 person-weeks was calculated. The incidence
density, for transmigrants alone was 6.46 cases
per 100 person-weeks as compared with 3.09
cases per 100 Irianese person-weeks. The esti-
mated relative risk during this 20-week period
was 2.09 (95 confidence interval 1.28, 3.43).
During the high transmission season, 8.49 cases
of P. falciparim malaria occurred per 100 per-
son-wecks: the rate was 8.92 for transmigrants
and 7.92 for the Irianese subjects. The estimated
relative risk for the trunsmigrants during this 12-
week period was 1.13 (93% confidence interval
0.72, 1.77). There was a sigaificant difference
between the transmigrant and Lianese incidence
densities during the low transmission season but
not during the high transmission season (Table
.

Emomology

Collections made at the beginning of the low
and high transmission seasons indicated that
Anopheles koliensis was the predominant vector
(98.8% and-9%.5% of the anopheline catch, re-
spectiviely). Entomologic findings are presented
in Table 8.

H

H

s of antack rates: comparison of transmigrants with Irinnese during both transmission seasons

Transmigrams® {Hanese® P *R: mﬁ&::cqm:ﬂd 1~ B¢
LTSy 48/66 (1) 22/50 (44) 0.003 1.65 (1,17, 2.34) 85%
HTS#» 43/61 (70) 29/46 (63) 0.845 1.12 (0.835, 1.47) 8%

® Values ure lutmodium falcipanon ¢ nesne expuved (73

¢ Chi. e with continuity correction lactor,

2 RR = Relutive piek.

§ Probubility of deiccting a real difference between the 1no group,
L LTS = low transmission season, 20-week follow -up,

8 HTS = high wanimission seison, §2.week follow.up.
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Flourr 5. Attach rates presented as the cumulative
incidence of Plasmodron fulciparum during both the
Jow transmission and the high transmission seisons,

] . i
Flasmodiunmy vivas

Puring the ToW Sransmission season stisdy, I8
of 66 transmizrants (2745 yamd 16 08 30 fricnese
cubiccts (32700 developed blood-stage Povi
infections prioe o reaching a study endpoint, In
the Bigh tamsmtssion season, sewen of b trons
migrants oy and four of 20 {rianese subpeets
(9. 700y also developed £ vivay infections priee
o reaching a stndycendpoint.

TISUTT SN

To establish convineingly thar a madarte vage
vine i eftedtive, ikl trials conducted under
conditions of natural transmission are required.
Because the nature and intensily of £ pelogpa-
rant transmission varies greathy worldwide, it is
Buportant to evaluate candidate vaccines umder
a varieny of conditions of transmission amd i
ditferent populations incheding chiidien and
both immune and nonimmune adults, This will
require the establishment of several tiek! sites
around the world, For example, it will be i
portant to determine the performance of a can.
didate vaccine under intense tansmission press
sure such as that seen in western Kenya” but a
failure to perform under these circumstances
does not mean that the vaccine in guestion will
not be etfective in arcas of low or high sewcral
transtiission, Before a vaccine can be testod

any tield site, however, a minimum characters
ization of the site must be nunde so that the e

can he properly designed. Arso PIR Twas eval-

tated as a potential study site for the testing of

P. falciparim malaria vacoings currently uader
deselopment, In addition; this site has the po-

tentially important attribute of a mived popas

lationy halt of the vilkagers have a histany of
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TABLE 6
Incidence denshy dura

LTS* HTS*
Transmigrants Irianese Trunsmigrants Irisntse
Person-weeks 743 713 482 366
Pf casest 48 22 43 29
1ID§ 6.46 3.09 8.92 7.92

* LTS = jow trann. Swsion season,

+ HTS = high ransmus.ion season,

$ Pf = Plasmodinm folvipanon,

§ 1D = incidence dennity. casew/100 person-weeks.

life-long exposure to malaria, the other half are
effectively naive.'? '

The most important determination required
for planning a vaccine trial is the rate at which
the infection-specific outcome variable occurs
in exposed persons. In this study, development
of patent parasitemia was the malaria-specific
outcome variable. The occurrence of this out-
come is usually presented as an incidence or
attack rate, thc number of new cases of infec-
tion occurring in the population during a spec-
ified time. In this study. both the attack rate and
incidence density figures showed significant
levels of difference between the two popula-
tions during the low transmission season. Dur-
ing the high transmission season, the power
calculations indicate that the sample sizes did
not provide sufficient power to resolve easily a
difference between the two groups. When
transmission pressure was evaluated by inci-
dence density, a difference between the trans-
migrant and Irianese rates was found in the low
transmission season study. A determination of
relative risk based on the attack rates indicates
that the transmigrants had at ieast a 17% great-
er risk than the Irianese to develop P. falcipa-
rum parasitemia during the low transmission
season (point estimate of risk = 65%). When
incidence density data were used in the same
analysis, the transmigrants had at least a 28%

increase in risk of becoming parasitemic (point
estimate of risk = 109%). Long-term exposure
to malaria induces a level of protective immu-
nity. This analysis condenses to a measure of
relative risk the amount of risk experienced by
the nonimmune transmigrants compared with
the semi-immune Irianese.

Another way to interpret these incidence den-
sity data is to calculate the mean time until onset
of P. falciparum parasitemia (the inverse of the
rate).’ During the low transmission season, for
example. the mean time until onset is 15 weeks
for the transmigrants and 32 weeks for the Iri-
anese. This difference, as with the relative risk.
is reflective of the effect of long-term exposure
1o P. fulciparum transmission,

Exclusion criteria exercised at the time of data
calculation eliminated those subjects who had
the greatest degree of failure to comply. The re-
maining subject groups had failure percentages
of 2.1% to 12.8%. Evaluation of the data based
on person-weeks rather than attack rates ac-
counts for these lost slides (lost observations)
because the rate is not based on number of cases
per population per time period but rather number
of cases per person-week. A person-week is rep-
resented by a slide, positive or negative, and in
theory, the likelihood of any given slide being
positive within any group is the same. While this
method eliminates the effect of lost slides, it

TABLE 7
Analysis of incidence densitles: comparison of transmigranis with Irianese during both transmission seasons

Transmigrants® Irianeve® r 19%% mﬁm veeval)
LTS§ 487743 22/713 0.004 2.09(¢1.238, 3.43)
HTSY 43/482 . 297366 0.695 L3022, L.77)

® Values are Plasmodinm falciparum cmes/person-weeks.
# Chl-square with continuity cosrection factor.

$ RR = relative risk.

LTS = low raasmission season,

4 HTS = high transmission season.




one, and we are forced to accept the null hy-
pothesis (there is no difference between the pla-
ccho and the vaccinated groups). As the third
entry in Table 9 shows, however, a small in-
crease in the n value to 65 per group with the
same 40% efficacy would result in a significant
difference in the risk (P = 0.032), a 95% con-
fidence interval of 6% and 61%, and rejection
of the null hypothesis. The last entry in Table
9 shows what is required if one wishes to nar-
row the width of the 95% confidence interval
for vaccine efficacy to approximately = 10%
(40%. 58%): the sample size required would
increase to 500 subjects per group. These anal-
yses highlight the need to consider not just sta-
tistical significance as demonstrated by a P val-
ue. Of equal importance is the need to consider
the magnitude of the difference in estimated
relative risk between the vaccinated and pla-
cebo groups.'' When selecting samples sizes,
investigators need to decide what level of un-
certainty (contidence interval) they are willing
to accept considering the logistic constraints
they face.

Once the sample size has been selected. ad-
ditional factors must be considered. In this
study. an average of 119 of high transmission
season subjects became positive for P. vivax
prior to reaching a study endpoint and an attri-
tion rute of 18% occurred between recruitment
and study completion. Therefore, larger num-
bers of subjects would be required at the start
of a placebo-controlled vaccine study. Once ad-
justments for these Josses are made. 690 rather
than 500 subjects would be needed in both the
placebo and experimental groups to complete a
study as described above. This study highlights
the need 1o calculate the sample size based not
only on predicted vaccine efficacy and estimat-
ed subject attrition but also on a desired width
of confidence interval for the observed vaccine
efficacy.
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